ABSTRACT
Introduction
Sickle cell disease (SCD) describes hemoglobinopathies associated with the phenomenon of sickling. These include sickle cell anemia, or homozygosity for hemoglobin S (Hb SS), Hb SC disease (Hb SC), and Hb S-beta thalassemia (Hb Sβ). In the United States, the highest frequency of SCD is in African Americans, with an incidence of 1in 600 births [1, 2] . In one study, the incidence of SCD by genotype was found to be 8.5, 4.4, and 2.2 per 100,000 infants screened for Hb SS, Hb SC, and Hb Sβ respectively [3] . Hispanics are also at a higher risk for SCD with at least 1 in 180 Hispanic infants having sickle cell trait. SCD is not associated with decreased fertility in women, but those women who become pregnant are at a higher risk for maternal and fetal complications than the general population. More than one-third of pregnancies in women with SCD end in abortion, stillbirth, or neonatal death [4] [5] [6] .
Other complications include painful episodes [7] , anemia requiring transfusion [1] , infection [1, 5] , preeclampsia [5, 6, 8] , and maternal death [1, 8] . Intrauterine growth restriction [6, 8, 9] , preterm delivery [6, [8] [9] [10] , and low birth weight [5, 6, 9] are also more common.
The most common complication of SCD is painful vaso-occlusive crisis, now referred to as an acute or recurrent painful episode. The frequency of painful episodes peaks between the ages of 19 and 39 [11] , which coincides with childbearing age. Pregnancy may also increase the frequency of painful episodes. Up to 55.8% of women with SCD will have at least one painful episode during the course of their pregnancy [12] . Physiologic changes during pregnancy, including hypercoaguability, vascular stasis, and increased metabolic demands, predispose women to sickle cell-related complications and may explain the increased frequency of painful episodes during pregnancy [7] . The objective of this study was to estimate the effect of phenotype, specifically the presence or absence of painful episodes, on obstetrical and neonatal outcomes of pregnancies in women with SCD.
Materials and Methods
This is a retrospective cohort study evaluating pregnant women with SCD (Hb SS, Hb SC, Hb Sβ) during a 10-year period. We queried the hospital medical records database for the ICD-9 codes pertaining to SCD and pregnancy from January 1, 1999 to December 31, 2008. Women who experienced painful episodes during pregnancy (painful episodes present) were compared to those who did not (painful episodes absent). Maternal and neonatal data were obtained from paper charts and the hospital electronic medical records database; consisting of labs, radiology reports, and dictations. Painful episodes were defined as an emergency room discharge or hospital admission diagnosis of "sickle cell crisis" or "painful episode". In general, the clinical diagnosis of a painful episode was made based on the subjective complaint of pain, overall clinical suspicion, and exclusion of other etiologies of pain based on associated symptoms. The decision to admit for painful episodes was determined by persistent pain after following each woman's individualized sickle cell disease Program Treatment Plan. The number of painful episodes was determined by counting the number of ER visits in which the woman was either treated for a painful episode and discharged or admitted. The length of treatment in days was defined as the time from admission to discharge. ER visits that did not result in admission were counted as one day of treatment. For women who had multiple pregnancies during the study period, only data from the earliest pregnancy were analyzed. Women who did not deliver at Thomas Jefferson University Hospital (TJUH) were excluded. The primary outcome was preterm birth (PTB) < 37 weeks. Secondary outcomes included antenatal maternal medical complications (e.g. acute chest syndrome), antenatal complications (e.g. preeclampsia), delivery outcomes (e.g. cesarean section), and neonatal outcomes (e.g. birth weight). Transitional nursery admissions were grouped together with term nursery admissions. Transfusion was defined as prophylactic red cell transfusion or red cell transfusion for treatment of maternal medical complications (e.g. severe anemia). Statistical analysis was performed using SPSS 17.0 (SPSS Inc., Chicago, IL). Data are presented as n (%) or median (range). Fisher's exact test was used for categorical variables and the Mann-Whitney U test was used for non-normally distributed continuous variables. Prior to data collection, the study received approval by the hospital institutional review board.
Results
Our search identified 52 pregnancies from 47 women with SCD. Of these, 14 were excluded because they did not deliver at TJUH. Another pregnancy which resulted in spontaneous abortion was also excluded. This left 37 pregnancies from 32 women, including one set of twins. After removing multiple gestations and multiple pregnancies by the same woman, there were a total of 31 pregnancies included in the analysis. The rates of Hb SS, Hb SC, and Hb Sβ in our study population were 19 (61.3%), 11 (35.5%), and 1 (3.2%) respectively. There were 18 women (58%) who had painful episodes during pregnancy compared to 13 women (42%) who did not. The median number of painful episodes was 2.5 (1 -19) and the median length of treatment for painful episodes was 13 days (1 -59). Of the 18 women that had one or more painful episodes, 14 (77.8%) and 4 (22.2%) had Hb SS and Hb SC disease respectively. There were no women with Hb Sβ in the painful episodes present group. Demographics are reported in Table 1 . For data analysis, Hb SC and Hb Sβ were grouped as "other". Women who had painful episodes were more likely to be Hb SS (77.8% vs. 38.5%) and had more medical comorbidities; however, only the incidence of acute chest syndrome reached statistical significance (p = 0.004). Most women were African American with the exception of one Hispanic woman. Table 2 compares antenatal complications between women with and without painful episodes. Those women with painful episodes had lower hemoglobin levels on admission and were more likely to have been transfused during pregnancy ( Table 2 ). There was a trend towards a higher incidence of acute chest syndrome in women with painful episodes. One woman died at the time of delivery. This woman was admitted with worsening pulmonary function and acute pain attributed to acute chest syndrome. During an emergency cesarean section for fetal bradycardia, she became unstable and suffered cardio-pulmonary collapse. Autopsy revealed bone marrow thromboemboli involving the small pulmonary microcirculation. A comparison of birth outcomes between groups is shown in Table 3 . No significant differences were found in either the primary or secondary outcomes. No term infants were admitted to the neonatal intensive care unit (NICU) or the transitional nursery. Birth outcomes for the subset of women whose genotype was Hb SS are also shown in Table 3 . In this group of women, the presence of painful episodes was not a significant predictor of worse birth outcome. The overall prior preterm birth rate in the study population was 16.1% ( Table 1) . None of the women with a prior preterm birth received progesterone (one woman received progesterone in a subsequent excluded pregnancy).
Women who experienced painful episodes were analyzed separately. Using regression analyses, total number and length of painful episodes were not significantly associated with either gestational age at delivery (linear regression; p = 0.955 and p = 0.934, respectively) or preterm delivery < 37 weeks (logistic regression; p = 0.544 and p = 0.850, respectively). Among women who were excluded because they did not deliver at TJUH, there were no fetal demises between 24 and 42 weeks gestational age and no second trimester losses between 14 and 24 weeks gestational age but other specific information was unavailable.
Discussion
We previously presented outcome data of pregnancies in women with SCD complicated by painful episodes compared to historic controls (unselected pregnant women with SCD) [13] . Our data suggested worse obstetrical and neonatal outcomes in women with SCD who experienced painful episodes. These included higher rates of cesarean section, preterm birth < 37 weeks, and low birth weight < 2500 grams. In the present study, comparing pregnant women with SCD who experienced painful episodes to women with SCD who did not, there were no differences in obstetrical or neonatal outcomes. Using controls (women with SCD and no painful episodes during pregnancy) from our institution who delivered during the same time period, we were unable to confirm the hypothesis that phenotype was associated with worse obstetrical and neonatal outcomes. The major strength of our study was the inclusion of all pregnancies in women with SCD over a 10-year period at a single institution. Furthermore, we included multiple hemoglobinopathies, all defined as SCD, which have the potential for painful episodes, rather than limiting inclusion to only sickle cell anemia (Hb SS). Despite the extensive time period and inclusion of multiple hemoglobinopathies, the final sample was still small in size. Exclusion of multiple pregnancies by the same woman during the study period decreased the sample size even further. We analyzed data from the earlier of the two pregnancies in the five cases of multiple pregnancies by a single woman on the assumption that the natural progression of SCD is stable or worsens over time. This decision was a balance between study power and confounding by disease progression and clustering of outcomes (e.g. higher chance of recurrence of preterm birth < 37 weeks).
Our study is unique in that we discriminated between pregnancies complicated by painful episodes and those that were not. Several previous studies of pregnancy in women with SCD compare outcomes by genotype but not phenotype (e.g. Hb SS vs Hb SC) [4, 10, 12, 14] . Compared to Hb SC, Hb SS is associated with worse obstetrical and neonatal outcomes, including earlier gestational age at delivery [14] , lower mean birth weight [10, 14] , and a higher incidence of low birth < 2500 g [10] , preterm birth < 37 weeks [10] , and intrauterine fetal demise [12] . Only one cohort study analyzed pregnancy outcomes in women with Hb Sβ [4] . In this study, the authors discriminated between Hb Sβ+ and Sβo. Hb Sβ+ is a more mild disease in which there is a small amount of normal Hb A (genotype Sβ/SA). Contrary to expected, women with Hb Sβ+ had pregnancy outcomes that were worse than Sβo and comparable to women with Hb SS. In our study there was only one woman with Hb Sβ and the exact genotype was unavailable. These retrospective studies did not control for painful episodes. Epigenetic factors, such as psychosocial background, education, employment, family structure, and adherence to medical treatment, affect the phenotypic manifestations of the genotype. It is therefore unclear whether worse outcomes were due to factors intrinsic to the hemoglobinopathy or whether painful episodes, which are more common in women with Hb SS, are a marker for more severe disease.
Women in our study who experienced painful episodes had more antenatal complications, including a higher rate of transfusions, lower hemoglobin at delivery, and a trend towards a higher incidence of acute chest syndrome. We did not differentiate between prophylactic red cell transfusion and red cell transfusion for treatment of maternal medical conditions; however, prophylactic transfusion is not an independent predictor of neonatal outcome. Prophylactic red cell transfusion decreases the incidence of painful episodes but has not been shown to improve neonatal outcome [15] . The higher incidence of acute chest syndrome among women who experienced painful episodes is consistent with the finding that nearly half of the time, acute chest syndrome occurs in the setting of an acute painful episode [16] . Additional data that may have been helpful in interpreting the results, such as Hb level, white blood cell count, and Hb F levels, were not available. Similarly, preconception information, such as medication use (e.g. hydroxyurea) and the frequency of painful episodes, were not available.
Despite a trend toward worse obstetrical and neonatal outcomes in women who experienced painful episodes, these differences did not reach statistical significance in our study. We used a post-hoc power calculation to determine the sample size necessary to detect a difference in the primary outcome. Based on a 21% higher rate of preterm birth < 37 weeks in women who experienced painful episodes, 87 women per group would be required to reach a power of 80% with an alpha of 0.05. A study of this size at our institution would not be feasible at a rate of approximately 3 eligible deliveries per year. Extending the study period by an additional 10 years would be unlikely to yield enough women and would introduce confounding by changes in obstetrical practice and medical management of women with SCD.
Defining our cohorts by the presence of painful episodes as opposed to genotype limited the ability to compare our results with those of other studies. To address this limitation, we estimated the external validity by examining the rate of painful episodes between ours and other studies. The overall rate of painful episodes in our study population was 58.0% which was higher than the 21.8% to 43.7% rate of painful episodes in prior studies [5, 6, 10, 14, 17] . The rates of cesarean section, low birth weight, and preterm birth in our study are comparable to rates obtained from previous studies (Figure 1) .
Adverse obstetrical outcomes were more common among women with sickle cell disease who experienced painful crises; however, in this small sample, the differences were not statistically significant. Given that the frequency of painful episodes may increase during pregnancy, women with SCD who have previously experienced painful episodes may benefit from the counseling provided as a result of this study. These findings should be confirmed by a larger, multi-center prospective study. Nevertheless, the outcome in both groups is worse than the outcome of pregnancy in African American women without SCD based on historical data. Future research is needed to determine if poor pregnancy
